Subtype classification based on the use of monoclonal antibodies to the class 1 outer membrane protein combined with techniques such as multilocus enzyme electrophoresis remains the standard method of characterizing isolates during outbreaks of invasive meningococcal disease. We developed a rapid typing method based on the restriction fragment length polymorphisms (RFLPs) within the polymerase chain reaction (PCR) product of theporA gene, which encodes the class 1 outer membrane protein, reflecting genotypic rather than phenotypic variability between strains. Forty-five isolates of invasive Neisseria meningitidis obtained from October 1990 to April 1992 were studied after randomization and coding. Included among these were isolates from a local outbreak that resulted in a mass vaccination program. PCR amplification for each isolate was followed by restriction digestion with the following enzymes in the indicated sequence: HaeIII, RsaI, Hinfl, HpaIl, and AluI. Eighteen different patterns were demonstrated on the basis of RFLPs, whereas only seven groups were identified after standard subtyping. The most common isolate identified by serosubtyping was serogroup C, serotype 2a, subtype P1.2 (C:2a:P1.2) (38%). Thirteen (76%) of these group C isolates shared a common RFLP pattern after digestion with the five restriction enzymes. We were able to further differentiate strains of C:2a:P1.2 with electrophoretic type 5 from electrophoretic types 1, 9, and 15 that occurred during an apparent outbreak. We were also able to characterize 15 isolates (33%) which could not be subtyped with monoclonal antibodies. Our method offers a convenient alternative to standard subtyping procedures and is particularly useful in outbreak situations in which rapid characterization of N. meningitidis is essential so that rational public health policy regarding preventative measures can be formulated.
October 1990 to April 1992 were studied after randomization and coding. Included among these were isolates from a local outbreak that resulted in a mass vaccination program. PCR amplification for each isolate was followed by restriction digestion with the following enzymes in the indicated sequence: HaeIII, RsaI, Hinfl, HpaIl, and AluI. Eighteen different patterns were demonstrated on the basis of RFLPs, whereas only seven groups were identified after standard subtyping. The most common isolate identified by serosubtyping was serogroup C, serotype 2a, subtype P1.2 (C:2a:P1.2) (38%). Thirteen (76%) of these group C isolates shared a common RFLP pattern after digestion with the five restriction enzymes. We were able to further differentiate strains of C:2a:P1.2 with electrophoretic type 5 from electrophoretic types 1, 9, and 15 that occurred during an apparent outbreak. We were also able to characterize 15 isolates (33%) which could not be subtyped with monoclonal antibodies. Our method offers a convenient alternative to standard subtyping procedures and is particularly useful in outbreak situations in which rapid characterization of N. meningitidis is essential so that rational public health policy regarding preventative measures can be formulated.
Neisseria meningitidis is a pathogen responsible for serious invasive disease throughout the world. Typically, serogroup A is responsible for large outbreaks worldwide, while serogroups B and C occur sporadically and are seen in local outbreaks. Rapid and accurate characterization of isolates is essential during outbreak situations so that rational public health policy regarding preventative measures can be formulated.
Current typing methods for N. meningitidis use antibodies to polysaccharide capsular antigens to define the serogroup and monoclonal antibodies to the class 2 and 3 outer membrane proteins (OMPs) to define the serotype (8) . All strains of N. meningitidis possess either a class 2 or a class 3 OMP, and these porin proteins are the major OMPs found in N. meningitidis (3) . Subtyping, which is used to distinguish among strains with similar serotypes, has been based on antigenic differences in the class 1 OMP. The function of the class 1 OMP is unknown, although it is present in most meningococcal strains. The class 1 OMP is immunogenic with bactericidal antibodies in vitro (7) . Antigenic variability within this protein exists among strains of N. meningitidis, although there appears to be little intrastrain variability (16) .
A major limitation to standard typing methods for N. meningitidis is the inability to subtype all isolates with currently available monoclonal antibodies. Multilocus enzyme electrophoresis (MLEE), in which strains are discriminated on the basis of the relative electrophoretic mobilities * Corresponding author. of cytoplasmic enzymes, has been used to differentiate among strains of different serotypes and subtypes of N. meningitidis (6) . Other typing techniques, including analysis of total chromosomal restriction fragment length polymorphisms (RFLPs) (6) and ribotyping (10) , which rely on genomic analysis, have also been used. These methods, however, are laborious and require considerable technical expertise for interpreting the results.
Recently, the polymerase chain reaction (PCR) has been used to characterize meningococcal isolates. Genetic diversity among penicillin-resistant strains of N. meningitidis was highlighted after PCR amplification and endonuclease digestion of the penicillin-binding protein 2 gene (17) . A typing method that uses PCR amplification of theporA gene, which encodes the class 1 OMP, has also been described (12) . Both conserved and variable DNA sequences are known to exist within the porA gene (14) . We DI calculation. The discriminatory powers of the standard subtyping method and the currently described method of porA PCR and restriction digestion were calculated by using the numerical discrimination index (DI) described by Hunter and Gaston (9) .
RESULTS
Characterization of isolates by standard serosubtyping. Of the 45 isolates of N. meningitidis studied, 22 were serogroup C, 13 were serogroup B, 8 were serogroup Y, 1 was serogroup A, and 1 was serogroup Z. These isolates were further categorized by serotype (Table 1 ) and subtype ( Table 2) .
Characterization of isolates by the RFLP method. PCR amplification of theporA gene was obtained for all isolates, confirming the well-conserved nature of the primer sequences used. In order to determine which restriction enzyme would yield the most number of RFLP patterns, a random selection of 14 invasive isolates was initially studied. PCR products from these isolates were digested with all of the following enzymes: HindIII, Hinfl, HaeIII,AluI, HpaII, StyI, and RsaI. Subsequently, digestion with HaeIII, RsaI, (14) and the deduced amino acid sequences of the class 1 OMP from serologically distinct strains of N. meningitidis (13) , it was observed that 90% of the sequence within the porA gene was conserved among 10 reference strains, while three variable regions were identified. These variable segments are encompassed by wellconserved sequences which are especially applicable as primers for amplification by PCR. Furthermore, there appears to be little variability in theporA gene among identical strains (16) .
Other genotyping methods such as ribotyping and restriction endonuclease analysis of total chromosomal DNA have also been used to characterize N. meningitidis. Jordens and Pennington (10) were able to classify 94 isolates into 13 groups on the basis of rRNA gene restriction patterns. However, the time and special expertise required make this technique impractical for most laboratories. Restriction endonuclease digestion of total chromosomal DNA with the enzyme BglII was successful in classifying the same 94 isolates into 54 patterns. However, the large number of fragments obtained by digestion of total chromosomal DNA may make direct comparison of isolates difficult.
MLEE has proven to be a useful tool for studying the clonality of N. meningitidis isolates (2, 4) . Strictly speaking, MLEE cannot be considered a genome-based typing method since it relies on variability within cytoplasmic enzymes which are gene products. A previously reported RFLP method uncovered genetic variability within isolates with identical ETs, suggesting that genomic analysis may be more discriminatory than MLEE (6) . MLEE is also time-consuming and labor-intensive.
Our PCR-RFLP technique provides a more discriminatory typing method than subtyping with monoclonal antibodies. Whereas monoclonal antibodies identified only seven subtypes among 30 N. meningitidis isolates, our PCR technique distinguished 11 RFLP patterns among these same isolates. When nonsubtypeable isolates were included in the analysis, a total of 18 different RFLP patterns were noted in our collection of 45 isolates (Table 3) . Genetic variability within the porA gene was particularly striking among isolates with the subtype P1.2 (6 different RFLP patterns among 20 isolates), and among nonsubtypeable isolates (10 different RFLP patterns among 15 isolates) ( Table 4) . A method of comparing the usefulness of different typing methods is the numerical DI, which quantifies the ability of a typing method to distinguish between unrelated strains (9). The power of discrimination increases as the numerical index approaches 1. The DI (or probability of two unrelated isolates shown to be so) by our PCR-RFLP method was 0.843, whereas the DI was 0.721 by the standard subtyping method.
All of the 17 subtypeable serogroup C isolates in the present study were C:2a:P1.2. N. meningitidis serogroup C, serotype 2a, has been the major cause of group C meningitis in Canada since 1986 (2, 11). Our PCR-RFLP method was able to discriminate these C:2a:P1.2 isolates into three subgroups (RFLP patterns 2, 4, and 12), further attesting to its value as a typing method. However, in comparison with MLEE, while our PCR-RFLP method was able to differentiate ET 5 (RFLP pattern 12) from ETs 1, 9, and 15 (RFLP pattern 4), it did not discriminate between the latter ETs, all of which had the same RFLP pattern. This demonstrates that variability by MLEE does not correlate with variability within theporA gene; indeed, entirely different areas of the genome are exploited. This suggests that the two methods may be used together to complement each other and achieve the maximum discriminatory power for typing N. meningit-idis isolates. ETs 1, 9, and 15 represented 7, 4, and 53%, respectively, of group C:2a isolates in Canada during 1986 to 1990 (2) . Interestingly, ET 15 is a particularly virulent clone which has rarely been found outside Canada.
In summary, our method, which exploits genetic rather than phenotypic variability, provides a convenient and rapid alternative to standard subtyping methods currently used for N. meningitidis. Although it warrants further study, this method may be particularly useful in outbreak situations in which rapid characterization of N. meningitidis is essential so that rational and timely public health policy decisions regarding preventative measures can be formulated.
